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(54) IVIethod for discriminating electrical events detected within the heart and corresponding 
system 



(57) The system and method discriminates P-waves 
or other electrical events originating in the atria from R- 
waves or other electrical events originating in the ven- 
tricles. In one example, far-field R-waves in the atria are 
distinguished from true P-waves using both a post-ven- 
tricular atrial blanking (PVAB) interval and a separate 
pre-ventricular blanking interval (pre-VAB) interval. In- 
sofar as the pre-VAB interval is concerned, upon detec- 
tion of a P-wave in the atria, the implantable medical 
device begins tracking a pre-VAB interval. If an R-wave 
Is then detected in the ventricles during the pre-VAB in- 
terval, the P-wave Is rejected as being a far-field R- 
wave. A PVAB interval may also be employed to filter 



out any P-waves detected in the atria immediately fol- 
lowing detection of an R-wave in the ventricles. In an- 
other example, far-field R-waves are distinguished from 
true P-waves using template matching. P-waves detect- 
ed in the atria are compared against a template repre- 
sentative of true P-waves. If the P-wave substantially 
matches the template, the P-wave Is deemed to be a 
true P-wave; otherwise, the P-wave is rejected as being 
a far-field R-wave or other anomalous electrical event. 
In both examples, the techniques are applicable to other 
types of electrical events detected within the heart be- 
sides P-waves and R-waves, such as electrical events 
occurring during fibrillation or flutter when discrete P- 
waves and R-waves may not be detectable. 
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Description 



[0001] The invention generally relates to implantable 
medical devices, such as pacemakers or implantable 
cardioverter-defibrillators ("ICDs") and, in particular, to 
techniques for analyzing electrical events detected with- 
in the heart using an implantable medical device. 
[0002] A pacemaker is a medical device, typically im- 
planted within a patient, which recognizes various dys- 
rhythmias such as an abnomially slow heart rate (brady- 
cardia) or an abnomially fast heart rate (tachycardia) 
and delivers electrical pacing pulses to the heart in an 
effort to remedy the dysrhythmias. An ICD is a device, 
also Implantable into a patient, which additionally rec- 
ognizes atrial fibrillation (AF) or ventricular fibrillation 
(VF) and delivers electrical shocks to terminate fibrilla- 
tion. 

[0003] Pacemakers and ICD's carefully monitor char- 
acteristics of the heart such as the heart rate to detect 
dysrhythmias, discriminate among different types of 
dysrhythmias, identify appropriate therapy, and deter- 
mine when to administer the therapy. The heart rate, for 
example, is monitored by examining the electrical sig- 
nals that are manifest concun-ent with the depolarization 
or contraction of the myocardial tissue of the heart. The 
electrical signals are detected internally by sensing 
leads mounted within the heart and are refen-ed to as 
intemal electrocardiogram ("lEGM") signals. The nor- 
mal contraction of atrial muscle tissue appears as a P- 
wave within the lEGM. A sequence of consecutive P- 
waves defines the atrial rate. The nonnal contraction of 
ventricular muscle tissue appears as an R-wave (some- 
times refen-ed to as the "QRS complex") within the 
lEGM. A sequence of consecutive R-waves defines the 
ventricular rate. If the heart is subject to flutter or fibril- 
lation, P-waves and R-waves typically cannot be dis- 
cerned within the lEGM. Hence, the pacemaker or ICD 
may need to rely on other characteristics of the lEGM 
to discriminate among different types of flutter and fibril- 
lation, to identify optimal therapy, and to determine when 
to administer the therapy. Some state of the art pace- 
makers and fCDDs are capable of sensing electrical sig- 
nals independently In the atria and in the ventricles. 
Hence, an atrial lEGM and a separate ventricular lEGM 
are detected. The atrial rate is detemiined based upon 
P-waves detected in the atrial lEGM. The ventricular 
rate is determined based upon R-waves detected within 
the ventricular lEGM. 

[0004] Thus pacemakers and ICD's administer thera- 
py to the heart, in part, based upon the detection of elec- 
trical characteristics of the heart such as P-waves, R- 
waves. atrial rate, ventricular rate, and the like. As one 
specific example, if the atrial and ventricular rates are 
both below a minimum acceptable heart rate threshold 
or if long gaps appear within the lEGM signals wherein 
no P-waves and R-waves are sensed, the cardiac pac- 
ing device thereby concludes that the patient is suffering 
from bradycardia and administers pacing pulses in an 



effort to increase the heart rate or to eliminate long gaps 
without heart beats. As another specific example, If the 
atrial and ventricular rates are well above a maximum 
expected heart rate, the cardiac pacing device con- 
5 eludes that the patient is suffering from a tachyan-hyth- 
mia and administers appropriate therapy such as, for ex- 
ample, overdrive pacing in an effort to lower the heart 
rate to within an acceptable range. If the atrial rate is 
found to be extremely high, but the ventricular rate is 
10 relatively nomial, the cardiac pacing device concludes 
that the patient is suffering from atrial flutter or atrial fi- 
brillaflon and administers a defibrillation pulse to the 
atria. If the ventricular rate is extremely fast and chaotic, 
the cardiac pacing device concludes that the patient Is 
15 suffering ft-om ventricular fibrillation and administers a 
defibrillation pulse directly to the ventricles. Details re- 
garding techniques for discriminating between atrial and 
ventricular dysrhythmias or anliythmias are provided in 
U.S. Patent No. 5,620.471 to Duncan entitled "System 
20 and Method for Discriminating Between Atrial and Ven- 
tricular Anliythmias and for Applying Cardiac Therapy 
Therefor", issued April 15, 1997, which is incorporated 
by reference herein. 

[0005] Reliable operation of pacemakers and ICDDs 
25 therefore necessitates that the device be capable of ac- 
curately detecting P-waves, R-waves or other electrical 
events originating within the heart. Insofar as P-waves 
are concerned, however, the aforementioned R-waves, 
though initially generated within the ventricles, propa^ 
30 gate into the atria and may be detected therein as part 
of the atrial lEGM signal. It is therefore possible for the 
device, upon detecting an electrical pulse within the 
atria, to misidentify a far-field R-wave as being a P- 
wave. As a result, any functions perfonned by the pace- 
35 maker which require accurate detennination of P-waves 
may not function as intended. For example, PVCs may 
be classified as P-R events so that the calculated atrial 
rate will be higher than the actual atrial rate, pertiaps 
causing the device to en-oneously conclude that the atria 
40 are subject to a tachyarrtiythmia, which does not in fact 
exist, or classify a ventricular tachycardia as an atrial 
tachycardia. Alternatively, the overestimated atrial heart 
rate may cause the device to fail to detect a bradycardia, 
which does exist. As a result, inappropriate therapy may 
45 be administered. For an ICD, an en-oneously high de- 
tennination of the atrial rate may cause the ICD to in- 
con-ectly conclude that the heart is subject to atrial fibril- 
lation, resulting in a potentially painful cardioversion 
pulse administered to the atrium. 
50 [0006] Thus, it is necessary to property distinguish P- 
waves or other electrical events originating in the atria 
from far-field R-waves or other events originating in the 
ventricles. Accordingly, most state-of-the-art pacemak- 
ers ignore any events detected within the atria during a 
55 predetemriined period of time subsequent to the detec- 
tion of an R-wave in the ventricles. This period of time 
is refen-ed to as the post-ventricular atrial blanking (PV- 
AB) Interval or a post-ventricular atrial reflectory period 
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(PVARP). Briefly, upon the detection of an R-wave from 
a sensing electrode positioned within the ventricles, the 
pacemaker thereafter ignores any events detected from 
a sensing lead within the atria for a period of time (e.g. 
225 ms.) under the assumption that any event detected 5 
during that period of time is actually a far-field R-wave. 
[0007] The use of the PVAB interval presupposes that 
the R-wave will be detected in the ventricles before it 
appears as a far-field R-wave in the atria. This is not 
always the case. The inventors of the present invention 
have determined that circumstances can arise wherein 
a far-field R-wave is detected within the atria before it is 
detected within the ventricles. This may occur, for ex- 
ample, if an atrial sensing lead is positioned closer to 
the source of an R-wave than the ventricular sensing 
leads. Another circumstance wherein an R-wave may 
be detected within the atria without a preceding R-wave 
detection in the ventricles occurs if the threshold for R- 
wave detection in the ventricles is set too high, such that 
some R-waves are not detected at ail within the ventri- 
cles. In any event, if the far-field R-wave Is detected 
within the atria without an immediately preceding R- 
wave detection in the ventricles, the aforementioned 
PVAB interval is ineffective to filter out the far-field R- 
wave from the atrial lEGM. As a result, far-field R-waves 
are misctassifled as P-waves resulting in incon-ect de- 
termination of atrial rate, or other critical parameters, 
causing potentially erroneous therapy to be adminis- 
tered by the pacemaker. Although these problems have 
been described primarily with reference to the discrimi- 
nation of P-waves from far-field R-waves, similar prob- 
lems arise even in circumstances wherein P-waves and 
R-waves cannot be discemed within the lEGM, such as 
during flutter or fibrillation. 

[0008] Accordingly, it would be highly desirable to pro- 
vide an improved technique for discriminating P-waves 
or other electrical events originating within the atria from 
far-field R-waves or other electrical events originating 
within the ventricles, and it is to that end that aspects of 
the present invention are primarily directed. 
[0009] In accordance with one aspect of the invention, 
a method is provided for discriminating between electri- 
cal events originating in the atria from electrical events 
originating In the ventricles using an implantable medi- 
cal device employing a pre-ventrlcular blanking interval 
(pre-VAB). in accordance with the method, a determi- 
nation is made as to whether an electrical event detect- 
ed within one of the ventricles was detected within a pre- 
determined pre-VAB interval following detection of an 
electrical event within one of the atria. If so, the electrical 
event of the atria is rejected as being a far-field ventricu- 
lar electrical event or other non-atriat electrical event. 
[0010] Within an exemplary embodiment, the electri- 
cal event of the atria is a P-wave and the electrical event 
of the ventricle Is an R-wave. The implantable medical 
device detemiines whether the R-wave was detected 
within a predetermined pre-VAB interval following de- 
tection of the P-wave and, if so, the P-wave is rejected 



as being a far-field R-wave. The implantable medical de- 
vice is also configured to determine whether the P-wave 
was detected within a predetermined PVAB interval fol- 
lowing detection of an R-wave in the ventricles and, if 
so, the P-wave Is likewise rejected as being a far-field 
R-wave. In this manner, a far-field R-wave within the 
atria is properly rejected regardless of whether it is 
sensed before or after the R-wave of the ventricle. Ac- 
cordingly, problems associated with misclassification of 
far-field R-waves are reduced or avoided completely. In 
other embodiments, the electrical events within the atrial 
and ventricular lEGM signals represent other detectable 
events besides P-waves or R-waves, such as events 
detectable during flutter or fibrillation. Hence, the tech- 
nique is not limited to processing atrial and ventricular 
lEGM signals in which P-waves and R-waves can be 
discerned but is applicable to other situations as well. 
[0011] In accordance with another aspect of the in- 
vention, a method is provided for discriminating electri- 
cal events originating in the atria from other electrical 
events based upon template matching. In accordance 
with the method, an electrical event detected within the 
atrium is compared against a template representative of 
a true atrial event. If the detected event substantially 
matches the template, the event is deemed to be a true 
atrial event; othenvise the event is discarded as being 
a far-field ventricular event or other anomalous electrical 
event. Within an exemplary embodiment, the template 
is representative of the amplitude shape of a P-wave, 
and hence the method discriminates true P-waves from 
far-field R-waves. In other embodiments, the template 
is representative of other characteristics of a P-wave, 
such as its frequency characteristics, rather than its am- 
plitude characteristics. In still other embodiments, the 
template is representative of other electrically detecta- 
ble events, such as events occumng during flutter or fi- 
brillation. 

[0012] Further features and advantages of the 
present invention may be more readily understood by 
reference to the following description taken in conjunc- 
tion with the accompanying drawings, in which: 

FIG. 1 is a diagram of an ICD connected to the heart 
of a patient; 

FIG. 2 is a flow chart Illustrating a method employed 
by the ICD of FIG. 1 to distinguish electrical events 
originating within the atria, such as P-waves, from 
electrical events not originating in the atria, such as 
far-field R-waves using both pre- and post-ventricu- 
lar atrial blanking intervals; 
FIG. 3 is a graph illustrating atrial and ventricular 
lEGM signals processed by the method of FIG. 2 
and, in particular, illustrating true and false P- 
waves; 

FIG. 4 is a flow chart illustrating a method employed 
by the ICD of FIG. 1 to distinguish electrical events 

originating within the atria, such as P-waves, from 
electrical events not originating in the ventricles. 
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such as far-field R-waves, using templates repre- 
sentative of tme atrial events; 
FIG. 5 is a graph illustrating an atrial event and a 
template representative of a true P-wave processed 
by the method of FIG. 4; and 
FIG. 6 is a functional block diagram of a dual-cham- 
ber Implantable stimulation device that may be con- 
figured to perfbmi the methods of FIGS. 2 - 5. 

[001 3] With reference to the figures, prefen^ed and ex- 
emplary embodiments of the invention will now be de- 
scribed. The embodiments will primarily be described 
with reference to an ICD capable of detecting separate 
atrial and ventricular lEGM signals and configured for 
discriminating between events appearing within the 
lEGM that originated within the atria and events appear- 
ing within the lEGM that originated elsewhere. Hence, 
the following description Is not to be taken In a limiting 
sense but is made merely for the purpose of describing 
the general principles of the invention. The scope of the 
invention should be ascertained with reference to the 
issued claims. The following description includes the 
best mode presently contemplated for practicing the in- 
vention. In the description of the invention that follows, 
like numerals or reference designators will be used to 
refer to like parts or elements throughout. 
[0014] FIG. 1 illustrates a multi-chamber Implantable 
stimulation device 10 which is capable of treating both 
fast and slow an-hythmias with stimulation therapy, in- 
cluding cardioversion, defibrillation, and pacing stimula- 
tion. While a multi-chamber device is shown, this is for 
illustration purposes only, and one of skill in the art could 
readily eliminate or disable the appropriate circuitry to 
provide a single-chamber or dual-chamber stimulation 
device capable of treating one or two chambers with car- 
dioversion, defibrillation and pacing stimulation. 
[001 5] To provide right atrial chamber pacing stimula- 
tion and sensing, the stimulation device 10 Is shown in 
electrical communication with a patient's heart 12 by 
way of an Implantable atrial lead 16 having an atrial tip 
electrode 22 and (optionally) an atrial ring electrode (not 
shown) which typically is implanted in the patient's atrial 
appendage. 

[0016] The stimulation device 10 is also shown in 
electrical communication with the patient's heart 12 by 
way of an implantable ventricular lead 14 having, in this 
embodiment, a ventricular tip electrode 24, a ventricular 
ring electrode 25, a right ventricular (RV) coil electrode 
1 8, and an SVC coil electrode 20. Typically, the ventricu- 
lar lead 14 is transvenously inserted into the heart 12 so 
as to place the RV coil electrode 1 8 in the right ventricu- 
lar apex, and the SVC coil electrode 20 in the superior 
vena cava. Accordingly, the ventricular lead 14 is capa- 
ble of receiving cardiac signals, and delivering stimula- 
tion in the fonm of pacing and shock therapy to the right 
ventricle. 

[001 71 To sense left atrial and ventricular cardiac sig- 
nals and to provide left chamber pacing therapy, the 



stimulation device 10 Is coupled to the "coronary sinus" 
lead 17 designed for placement In the "coronary sinus 
region" via the coronary sinus os for positioning a distal 
electrode adjacent to the left ventricle and/or additional 

5 electrode{s) adjacent to the left atrium. As used herein, 
the phrase "coronary sinus region" refers to the vascu- 
lature of the left ventricle, including any portion of the 
coronary sinus, great cardiac vein, left marginal vein, left 
posterior ventricular vein, middle cardiac vein, and/or 

10 small cardiac vein or any other cartliac vein accessible 
by the coronary sinus. For a complete description of a 
coronary sinus lead, see U.S. Patent Application No. 
09/457,277, filed 12/8/99, entitled "A Self-Anchoring, 
Steerable Coronary Sinus Lead" (Pianca et al); and U.' 

15 S. Patent No. 5,466.254. "Coronary Sinus Lead with 
Atrial Sensing Capability" (Helland), which patents are 
hereby incorporated herein by reference. 
[0018] As shown, the sensing/pacing locations are 
right atrium (high septal wall), left atrium (distal coronary 

20 sinus), right ventricular apex and left ventricle (via a car- 
diac vein). In the exemplary embodiment, the ICD com- 
bines signals received from the atrial sensing locations 
into a single atrial lEGM signal and combines signals 
received from the ventricular sensing locations into a 

25 single ventricular lEGM signal. In other embodiments to 
be described below, the ICD processes the left and right 
lEGM signals separately. 

[0019] Among other functions, the ICD analyzes the 
atrial and ventricular lEGM signals to detennine whether 

50 an atrial or ventricular tachyarrtiythmia is occumng and 
whether cardioversion/defibrillation therapy is required. 
Low energy therapy (e.g. antitachycardia pacing) may 
then be delivered via the sensing/pacing leads to the 
appropriate locatlon(s). High energy cardloverslon/defi- 

»5 brillation pulses may be delivered to the atria via the atri- 
al shocking colls 19 and 20, or to the ventricles via the 
ventricular shocking coil 18 with several shock vectors 
possible using the shocking coils and ICD case In vari- 
ous configurations. The ICD detects numerous other 

0 types of dysrhythmias within the heart and provides re- 
sponsive therapy as well. Examples of other dysrtiyth- 
mias detected by the ICD include bradycardia, su- 
praventricular tachycardia (SVT) and the like. 
[0020] Many of the functions perfonned by the ICD of 

5 FIG. 1 require accurate detection of P-waves within the 
atrial lEGM signal. FIGS. 2 and 3 illustrate a first tech- 
nique for distinguishing P-waves (or other electrical 
events originating in the atria) from R-waves (or other 
electrical events not originating In the atria) so that func- 

^ tions perfonmed by the ICD of FIG. 1 which rely on prop- 
er detection of atrial events are operate more effectively. 
[0021] Within FIG, 2, at step 100. the ICD receives 
and analyzes atrial lEGM signals to detect electrical 
events represented therein. If the atria are not currently 

> subject to flutter or fibrillation, the detected events may 
be P-waves. If the atria are subject to flutter or fibrillation 
such that organized P-waves cannot easily be dis- 
cerned, the detected events may be voltage threshold 
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crossings or other detectible electrical events. Herein, 
an electrically detectible event detected within an atrial 
lEGM is referred to as an Fy^-wave. Hence, a P-wave is 
one type of F^-wave. At step 1 02, the ICD receives and 
analyzes ventricular lEGM signals to detect electrical ^ 
events, such as R-waves. represented therein. If the 
ventricles are not currently subject to flutter or fibrilla- 
tion, the detected events may be R-waves. If the ventri- 
cles are subject to flutter or fibrillation such that organ- 
ized R-waves cannot easily be discerned, the detected 
events may be voltage threshold crossings or the like. 
Herein, an electrically detectible event detected within 
a ventricular lEGM signal is referred to as an F^-wave. 
Hence, an R-wave is one type of F^-wave. Steps 100 
and 102 are typically performed concurrently. At step is 
104, for each atrial event that has been detected within 
the atrial lEGM signal, the ICD determines whether a 
corresponding ventricular event was detected within the 
ventricular lEGM signal within a pre-VAB period follow- 
ing detection of the atrial event. In other words, upon 20 
detection of a P-wave, the ICD begins tracking a pre- 
VAB period and detemiines whether an R-wave is de- 
tected within the pre-VAB period. 
[0022] The pre-VAB interval is illustrated within FIG. 
3. Briefly, FIG. 3 illustrates an atrial lEGM signal 106 25 
and a ventricular lEGM signal 108. The atrial lEGM sig- 
nal Includes various events detected therein. Beginning 
at each event detected within the atrial lEGM, the ICD 
tracks a pre-VAB period 110 and determines whether a 
ventricular event is detected within the ventricular lEGM 30 
within that time period. If a ventricular event is detected 
within the pre-VAB time period, then the atrial event is 
discarded as being a far-field ventricular event. Within 
FIG. 3, one of the ventricular events (112) is detected 
within the pre-VAB period of a preceding atrial event 35 
(113). Accordingly, atrial event 11 3 is discarded as being 
a far-field ventricular event. Note that the far-field ven- 
tricular event is actually detected within the atrial lEGM 
signal before the event Is detected within the ventricular 
lEGM signal. As discussed above, this may occur If the 
atrial sensing lead is closer to the portion of the ventricle . 
wherein the R-wave originates than the ventricular 
sensing lead. The duration of the pre-VAB period is pref- 
erably a programmable feature of the ICD. In one ex- 
ample, the pre-VAB period is programmable within the 45 
range of 0 - 60 milliseconds. 

[0023] Referring again to FIG. 2, if a ventricular event 
is detected within the pre-VAB period, step 114, then the 
atrial event is discarded as being a far-field ventricular 
event, step 116. Then, for each ventricular event, the 50 
ICD determines at step 118 whether an atrial event is 
detected within a post-VAB period following detection of 
the ventricular event. This is also illustrated within FIG. 
3 wherein a post-VAB period 120 begins upon detection 
of each ventricular event detected within the ventricular 55 
lEGM signal. One of the atrial events (124) is detected 
within the post-VAB period of a preceding ventricular 
event (125). Accordingly, atrial event 124 is discarded 



as being a far-field ventricular event. Thus, referring 
again to FIG. 2, if the atrial event is detected within the 
post-VAB period at step 126, then the atrial event is re- 
jected at step 1 28 as being a far-field ventricular event. 
The duration of the post-VAB period is also preferably 
a programmable parameter of the ICD. In one example, 
the post-VAB period is programmable within the range 
of 10 - 250 milliseconds. 

[0024] At step 130, the ICD analyzes all ventricular 
events and any remaining atrial events to detect dys- 
rhythmias, if any, occuning within the heart and to ad- 
minister appropriate therapy. As noted above, the dys- 
rhythmias may be, for example, bradycardia, tachycar- 
dia, atrial flutter, or other dysrhythmias. The appropriate 
therapy administered by the ICD depends upon the na- 
ture of the dysrhythmia and may include, for example, 
anti-bradycardial pacing, anti-tachycardial pacing, or 
the administration of atrial or ventricular cardioversion 
pulses. Some exemplary techniques for administering 
therapy are provided in the above-referenced Patent 
No. 5,620,471 to Duncan. Note, also, that within step 
130 all other functions performed by the ICD which re- 
quire reliable detection of atrial events are thereby ren- 
dered more accurate by property eliminating all far-field 
R-waves, or other far-field ventricular events, from the 
atrial lEGM signal. Thus, for example, ICD functions in- 
volving upper rate limit bradycardial functions such as 
2:1 block response mode or Wenkebach mode operate 
more effectively. Details regarding 2:1 block response 
mode is provided within U.S. Patent No. 5,601.613 to 
Florio et al., entitled "Method and Apparatus for Provid- 
ing Enhanced 2:1 Block Response with Rate-Respon- 
sive AV Delay in a Pacemaker", issued February 11, 

1997, which is incorporated by reference herein. Details 
regarding Wenkebach mode are provided in U.S. Patent 
No. 5,788,717 to Mann et ai, entitled "Atrial Rate De- 
temiination and Atrial Tachycardia Detection in a Dual- 
Chamber Implantable Pacemaker", issued August 4, 

1998, which is incorporated by reference herein. Other 
functions which benefit from proper discrimination of 
true atrial events from other events detected within the 
atrial lEGM signal include mode switching functions and 
the like. Details regarding mode switching functions are 
provided in U.S. Patent No. 5,342,405 to Duncan, enti- 
tled "System and Method for Selecting a Mode of Oper- 
ation of a Dual-Chamber Pacemaker", issued August 
30, 1994, which is also incorporated by reference here- 
in. Also, within step 130 the ICD may record the detec- 
tion of each electrical event in the atrial lEGM signal 
along with an indication of whether the event was reject- 
ed as being a far-field event of the ventricle. The ICD 
may further record an indication of whether the rejected 
event was rejected as being within the pre-VAB period 
or within the post-VAB period. 

[0025] With reference to FIGS. 4 and 5, a second 
technique for discriminating true atrial events from other 
events will now be described. Beginning at step 200 of 
FIG. 4, the ICD receives and analyzes atrial lEGM sig- 
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nals to detect electrical events therein. If the atria are 
not subject to fibrillation of flutter, the atrial events may 
be P-waves. Otherwise, the atrial events may be other 
types of F^-waves. In some circumstances, even if the 
atria are not subject to flutter or fibrillation, it may be ap- 5 
propriate to detect other types of F^-waves besides P- 
waves. In any case, at step 202 the ICD receives and 
analyzes ventricular lEGM signals to detect electrical 
events, such as R-waves, therein. Then, for each atrial 
event, the ICD compares the atrial event at step 204 with io 
a predetenmined template representative of true atrial 
events to determine whether the detected atrial event 
matches the template. This is illustrated in FIG. 5. 
[0026] Briefly, FIG. 5 provides an atrial lEGM signal 
206 in which numerous detected events are illustrated, is 
FIG. 5 also illustrates a template 208 representative of 
a true P-wave. Within step 204 of FIG. 4, the ICD com- 
pares each event detected within the atrial lEGM with 
the template to detemnine If there is a substantial simi- 
larity. Atrial events such as events 21 0 and 21 2 substan- 20 
tially match the P-wave template and thereby are 
deemed to be true P-waves. However, events 214 and 
21 6 do not substantially match the P-wave template and 
therefore are discarded as not being true P-waves. In- 
deed, as can be seen within FIG. 5, events 214 and 21 6 25 
are actually far-field R-waves. Refemng again to FIG. 
4, if the atrial events do not match the template at step 
218, the atrial event is rejected at step 220 as being a 
far-field ventricular event or other non-atrial event. 0th- 
enwise, the atrial event is not rejected. In either case, at 3o 
step 222 the ICD analyzes the ventricular events and 
any remaining atrial events to detect dysrhythmias, if 
any, in the heart and to administer appropriate therapy 
or to perform any other function requiring accurate iden- 
tification of atrial events. 35 
[0027] The P-waves and far-field R-waves illustrated 
in FIG. 5 are represented as stylized events for clarity 
in illustrafing the concept of the invention. In practical 
applications, the atrial lEGM signal is subject to consid- 
erable noise. Accordingly. In some implementations, the 4o 
atrial lEGM signal may be filtered prior to comparison 
against the template to help prevent noise from interfer- 
ing with the comparison. Also, the comparison between 
the detected events and the template need not require 
an absolute match. Rather, it is sufficient that the detect- 45 
ed atrial event con-espond to the template to within some 
predetemiined threshold of variation. The exact thresh- 
old depends upon the particular characteristics repre- 
sented by the template and upon the amount of noise 
in the atrial lEGM signal. The appropriate threshold, in so 
each implementation, may be detennined for example 
by performing routine experimentation using test atrial 
lEGM signals against stored test templates. 
[0028] Further with regard to FIG. 5, although the ex- 
ample illustrated therein provides a P-wave template 55 
representative of the shape of a true P-wave. alternative 
templates may be employed which represent other de- 
tectable characteristics of true atrial events. For exam- 



ple, the template may represent only the frequency con- 
tent of true atrial events. If so, the events detected within 
the atrial lEGM signal are processed to extract the fre- 
quency components therein using, for example, a con- 
ventional frequency extraction method such as the Fast 
Fourier Transfonm (FFT). The frequency components 
extracted ft-om the atrial lEGM signal are then compared 
with the ft-equency components stored in the template. 
If the ft-equency components of the atrial lEGM signal 
substantially match those of the template, a conclusion 
is drawn that the atrial event is a true atrial event. Nu- 
merous other features representative of true atrial 
events may be alternatively represented within a tem- 
plate for comparison against con-esponding features of 
the atrial lEGM signal. In some implementations, two or 
more templates representative of different features are 
employed to provide more reliable rejecfion of non-atrial 
events. For example, one template represents the am- 
plitude components of a true atrial event, whereas an- 
other template represents the frequency components of 
a true atrial event. 

[0029] Also, the specific template used may depend 
upon the current status of the ICD and upon the current 
dysrhythmia, if any, detected within the heart. For ex- 
ample, if the ICD has already detennined that the heart 
is subject to flutter, then a template representative of an 
atrial wave form expected to occur during flutter may be 
employed. On the other hand, if the ICD has determined 
that the atria are subject to a tachycardia, then a wave 
fonn representative of a tachycardial P-wave may be 
employed. The shape of the template also may be mod- 
ulated based upon the current detected atrial rate. As 
can be appreciated, numerous modifications may be 
provided to the examples described herein in accord- 
ance with the general concept of the invention. 
[0030] Finally with respect to both FIGS. 3 and 5. the 
lEGM signals illustrated therein show P-waves and R- 
waves. Alternatively, other electrical events may be de- 
tected. Examples include some predetermined number 
of consecutive zero voltage crossings or the like. 
[0031] Although described with respect to examples 
wherein atrial signals ft-om the left and right atria are 
merged to yield a single atrial lEGM signal and wherein 
ventricular signal ftx)m the left and right atria are merged 
to yield a single ventricular lEGM signal, the invention 
is also applicable to discriminafing atrial events ft"om 
non-atrial events using the separate left and right atrial 
and ventricular lEGM signals. In one example, the left 
atrial lEGM is compared with only the left ventricular 
lEGM using the pre-VAB. Likewise, the right atrial lEGM 
is compared with only the right ventricular lEGM using 
the pre-VAB. A P-wave is rejected if either the left or 
right lEGM comparison identifies the P-wave as being 
a far-field R-wave. In other implementations, the P-wave 
is rejected only if both the left and right lEGM compari- 
sons identify the P-wave as being a far-field R-wave. In 
implementations wherein template matching is em- 
ployed and multiple atrial lEGM signals are processed, 
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a P-wave is rejected as being a far-field R-wave if the 

P-wave within any one of the atrial lEGM signals fails to 
match the template. In other implementations, the P- 
wave is rejected only if ali of the representations of the 
P-wave within all of the atrial lEGM signals fail to match 
the template. As can be appreciated, numerous varia- 
tions are consistent with the general scope of the inven- 
tion. Aspects of the invention as it pertains to the dis- 
crimination of atrial events from ventricular events are 
also applicable to techniques for determining periods of 
electrical coherence within the heart for the purposes, 
for example, of administering cardioversion pulses dur- 
ing periods of coherence. These techniques are de- 
scribed in greater detail in copending U.S. Provisional 
Patent Application Serial No. 60/173,341, filed 
12/28/99, entitled "Method and Apparatus for Detecting 
Natural Electrical Coherence Within the Heart and for 
Administering Therapy Based Thereon", assigned to the 
assignee of the present invention, and incorporated by 
reference herein. 

[0032] FIG. 6 illustrates Internal components of an 
ICD that configured to perfonn the method described 
above in connection with FIGS. 2 - 5, 
[0033] The housing 340 for the stimulation device 1 0, 
shown schematically in Fig. 6, is often refen-ed to as the 
"can", "case" or "case electrode" and may be program- 
mably selected to act as the return electrode for all "un- 
ipolar" modes. The housing 340 may further be used as 
a retum electrode alone or in combination with one or 
more of the coil electrodes, 18, 19 or 20, for shocking 
purposes. The housing 340 further includes a connector 
(not shown) having a plurality of terminals, 342; 344, 
346, 348, 352, 354. 356, and 358 (shown schematically 
and, for convenience, the names of the electrodes to 
which they are connected are shown next to the termi- 
nals). As such, to achieve right atrial sensing and pac- 
ing, the connector includes at least a right atrial tip ter- 
minal (Ar TIP) 342 adapted for connection to the atrial 
tip electrode 22. 

[0034] To achieve left chamber sensing, pacing and 
shocking, the connector includes at least a left ventricu- 
lar tip temninal (Vl TIP) 344, a left atrial ring terminal (Al 
RING) 46, and a left atrial shocking temninal (Al COIL) 
348, which are adapted for connection to the left ven- 
tricular ring electrode 25, the left atrial electrode 26, and 
the left atrial coll electrode 19, respectively. 
[0035] To support right chamber sensing, pacing and 
shocking, the connector further includes a right ventricu- 
lar tip terminal (Vr TIP) 352, a right ventricular ring ter- 
minal (Vr RING) 354, a right ventricular shocking termi- 
nal (RV COIL) 356, and an SVC shocking tenminal (SVC 
COIL) 358, which are adapted for connection to the right 
ventricular tip electrode 24, right ventricular ring elec- 
trode 25, the RV coil electrode 1 8, and the SVC coil elec- 
trode 20, respectively. 

[0036] At the core of the stimulation device 10 Is a pro- 
grammable microcontroller 360 which controls the var- 
ious modes of stimulation therapy and perfonms, in com- 



bination with other units of the ICD, the methods de- 
scribed above in connection with FIGS. 2 - 5. As is well 
known in the art, the microcontroller 360 includes a mi- 
croprocessor, or equivalent control circuitry, designed 

5 specifically for controlling the delivery of stimulation 
therapy and may further include RAM or ROM memory, 
logic and timing circuitry, state machine circuitry, and 1/ 
O circuitry. Typically, the microcontroller 360 includes 
the ability to process or monitor input signals (data) as 

10 controlled by a program code stored in a designated 
block of memory. The details of the design and operation 
of the microcontroiler 360 are not critical to the present 
invention. Rather, any suitable microcontroller 360 may 
be used that canies out the functions described herein, 

15 The use of microprocessor-based control circuits for 
performing timing and data analysis functions is well 
known in the art. As shown in FIG. 6, an atrial pulse gen- 
erator 370 and a ventricular pulse generator 372 gener- 
ate pacing stimulation pulses for delivery by the atrial 

20 lead 16 and the ventricular lead 14, respectively, via a 
switch bank 374. The pulse generators, 370 and 372, 
are controlled by the microcontroller 360 via appropriate 
control signals, 376 and 378, respectively, to trigger or 
inhibit the stimulation pulses. The microcontroller 360 

25 further includes timing circuitry that controls the opera- 
tion of the stimulation device timing of such stimulation 
pulses that is well known in the art. 
[0037] The switch bank 374 includes a plurality of 
switches for switchably connecting the desired elec- 

30 trodes to the appropriate I/O circuits, thereby providing 
complete electrode programmability. Accordingly, the 
switch bank 374, In response to a control signal 380 from 
the microcontroller 360, determines the polarity of the 
stimulation pulses (e.g., unipolar or bipolar) by selec- 

35 tively closing the appropriate combination of switches 
(not shown) as is known in the art. 
[0038] An atrial sense amplifier 382 and a ventricular 
sense amplifier 384 are also coupled to the atrial and 
ventricular leads, 16 and 14, respectively, through the 

40 switch bank 374 for detecting the presence of cardiac 
activity. The switch bank 374 detenmines the "sensing 
polarity" of the cardiac signal by selectively closing the 
appropriate switches, as is also known in the art. In this 
way, the clinician may program the sensing polarity in- 

45 dependent of the stimulation polarity. 

[0039] Each sense amplifier, 382 and 384, preferably 
employs a low power, precision amplifier with program- 
mable gain and/or automatic gain control, bandpass fil- 
tering, and a threshold detection circuit, known in the 

50 art, to selectively sense the cardiac signal of interest. 
The automatic gain control enables the device 1 0 to deal 
effectively with the difficult problem of sensing the low 
frequency, low amplitude signal characteristics of ven- 
tricular fibrillation. The outputs of the atrial and ventricu- 

55 lar sense amplifiers 382 and 384 are connected to the 
microcontroller 360, which, in tum, inhibit the atrial and 
ventricular pulse generators 370 and 372, respectively, 
in a demand fashion whenever cardiac activity is sensed 



7 



13 



EP1 123 716 A2 



14 



in the respective chambere. 

[0040] For arrhythmia detection Is typically performed 
by the microcontroller 360, in conjunction with the atrial 
and ventricular sense amplifiers 382 and 384 to sense 
cardiac signals to determine whether a rhythm Is phys- s 
lologic or pathologic. As used herein "sensing" is re- 
served for the noting of an electrical depolarization, and 
"detection" is the processing of these sensed depolari- 
zation signals and noting the presence of an an-hythmla. 
The timing intervals between sensed events (e.g., the io 
P-P and R-R Intervals) are then classified by the micro- 
controller 360 by comparing them to a predefined rate 
zone limit (i.e., bradycardia, normal, low rate VT, high 
rate VT, and fibrillation rate zones) and various other 
characteristics (e.g. , sudden onset, stability, physiologic 15 
sensors, and morphology, etc.) In order to determine the 
type of remedial therapy that is needed (e.g.. bradycar- 
dia pacing, anti-tachycardia pacing, cardioversion 
shocks or defibrillation shocks, also known as "tiered 
therapy"). 20 
[0041] Cardiac signals are also applied to the inputs 
of an analog to digital (A/D) data acquisition system 390. 
The data acquisition system 390 is configured to acquire 
intracardiac electrogram signals, convert the raw analog 
data into a digital signal, and store the digital signals for 25 
later processing and/or telemetric transmission to an ex- 
temal device 402. The data acquisition system 390 is 
coupled to the atrial and ventricular leads, 16 and 14. 
through the switch bank 374 to sample cardiac signals 
across any pair of desired electrodes. 30 
[0042] The microcontroller 360 is further coupled to a 
memory 394 by a suitable data/address bus 396, where- 
in the programmable operating parameters used by the 
microcontroller 360 are stored and modified, as re- 
quired, in order to customize the operation of the stim- 35 
ulation device 1 0 to suit the needs of a particular patient. 
Such operating parameters define, for example, pacing 
pulse amplitude, pulse duration, electrode polarity, rate, 
sensitivity, automatic features, arrhythmia detection cri^ 
teria, and the amplitude, waveshape and vector of each 40 
shocking pulse to be delivered to the patienf s heart 328 
within each respective tier of therapy. 
[0043] Advantageously, the operating parameters of 
the Implantable device 10 may be non-lnvasively pro- 
grammed into the memory 394 through a telemetry cir- 45 
cuit 400 in telemetric communication with an extemal 
device 402, such as a programmer, transtelephonic 
transceiver, or a diagnostic system analyzer. The telem- 
etry circuit 400 is activated by the microcontroller by a 
control signal 406. The telemetry circuit 400 advanta- so 
geously allows intracardiac electrograms and status in- 
fomiation relating to the operation of the device 10 (as 
contained in the microcontroller 360 or memory 394) to 
be sent to the external device 402 through the estab- 
lished communication link 404. In the prefen-ed embod- ss 
iment, the stimulation device 10 further includes a phys- 
iologic sensor 410. Such sensors are commonly called 
"rate-responsive" sensors. The physiological sensor 



410 Is used to detect the exercise state of the patient, 
to which the microcontroller 360 responds by adjusting 
the rate and AV Delay at which the atrial and ventricular 
pulse generators 370 and 372 generate stimulation 
pulses. The type of sensor used is not critical to the 
present Invention and Is shown only for completeness. 
[0044] The stimulation device additionally includes a 
battery 414, which provides operating power to all of the 
circuits shown in FIG. 6. For the stimulation device 10, 
which employs shocking therapy, the battery must be 
capable of operating at low current drains for long peri- 
ods of time, and then be capable of providing high-cur- 
rent pulses (for capacitor charging) when the patient re- 
quires a shock pulse. The battery 414 must also have a 
predictable discharge characteristic so that elective re- 
placement time can be detected. Accordingly, the 
present invention employs lithium/silver vanadium oxide 
batteries, as is true for most (if not all) such devices to 
date. 

[0045] As further shown in FIG. 6, the ICD of the in- 
vention may include an impedance measuring circuit 
420 which is enabled by the microcontroller 360 by a 
control signal 422. The impedance measuring circuit 
420 is not critical to the present invention and is shown 
for only completeness. 

[0046] The ICD detects the occurrence of an antiyth- 
mia. and automatically applies an appropriate electrical 
shock therapy to the heart aimed at temiinating the de- 
tected an-hythmla. To this end, the microcontroller 360 
further controls a shocking circuit 430 by way of a control 
signal 432. The shocking circuit 430 generates shocking 
pulses of low (up to 0.5 joules), moderate (0.5 - 10 
joules), or high energy (11 to 40 joules), as controlled 
by the microcontroller 360. Such shocking pulses are 
applied to the patient's heart through at least two shock- 
ing electrodes, and as shown in this embodiment, using 
the RV and SVC coil electrodes 18 and 20, respectively. 
In alternative embodiments, the housing 340 may act as 
an active electrode in combination with the RV electrode 
18 alone, or as part of a split electrical vector using the 
SVC coll electrode 20 (i.e.. using the RV electrode as 
common). 

[0047] Cardioversion shocks are generally consid- 
ered to be of low to moderate energy level (so as to min- 
imize pain felt by the patient), and/or synchronized with 
an R-wave and/or pertaining to the treatment of tachy- 
cardia. Defibrillation shocks are generally of moderate 
to high energy level (i.e.. corresponding to thresholds in 
the range of 5-40 joules), delivered asynchronously 
(since R-waves may be too disorganized), and pertain- 
ing exclusively to the treatment of fibrillation. According- 
ly, the microcontroller 360 Is capable of controlling the 
synchronous or asynchronous delivery of the shocking 



[0048] Aspects of the invention may be embodied 
within software running within a programmable proces- 
sor within the device or may be implemented as hard- 
wired logic within an application specific integrated dr- 
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cuit(ASIC) or the like. 

[0049] Accordingly, and as one of sl<ill in the art can 
appreciate, the present invention can be employed with 
the microcontroller system described in FIG. 6. What 
has been described are various techniques for discrim- 
inating true atrial events from non-atrial events and for 
adjusting or administering therapy based thereon. As- 
pects of the invention are also applicable to discriminat- 
ing true ventricular events such as R-waves from non- 
ventricular events such as P-waves. 



ring within the ventricle; and 
means for determining whether the electrical 
event occurring within the ventricle was detect- 
ed within a predetermined pre-ventricular 
5 blanking interval following detection of the elec- 

trical event occurring within the atrium and, if 
so, for rejecting the electrical event occumng 
within the atrium as being a far-field electrical 
event of the ventricle. 

10 

5. A system as claimed in Claim 4, characterised by: 



Claims 

1. A method for discriminating electrical events origi- 
nating in the atria from electrical events originating 
with the ventricles of a heart using an implantable 
medical device receiving signals detected from 
within an atrium of the heart and receiving signals 
detected from within a ventricle of the heart, the 
method comprising the steps of: 

detecting an electrical event within the atrium; 
detecting an electrical event within the ventri- 
cle; and 

detenmining whether the electrical event occur- 
ring within the ventricle was detected within a 
predetermined pre-ventricular blanking interval 
following detection of the electrical event occur- 
ring within the atrium and, if so, rejecting the 
electrical event of the atrium as being a far-field 
electrical event of the ventricle. 

2. A method as claimed In Claim 1 , characterised by 
the step of: 

determining whether the electrical event of 
the atrium was detected within a predetermined 
post-ventricular blanking interval following detec- 
tion of the electrical event of the ventricle and, if so, 
rejecting the electrical event of the atrium as being 
a far-field electrical event of the ventricle. 

3. A method as claimed in Claim 1 or Claim 2; charac- 
terised in that the electrical event of the atrium is a 
P-wave, and/or the electrical event of the ventricle 
is an R-wave. 

4. A system for discriminating electrical events origi- 
nating in the atria from electrical events originating 
with the ventricles of a heart using an implantable 
medical device receiving signals detected from 
within an atrium of the heart and receiving signals 
detected from within a ventricle of the heart, the sys- 
tem comprising: 

means for detecting an electrical event occur- 
ring within the atrium; 

means for detecting an electrical event occur- 



means for determining whether the electrical 
event of the atrium was detected within a pre- 
15 determined post-ventricular blanking interval 

following detection of the electrical event of the 
ventricle; and 

means, responsive to a detemnination that the 
electrical event of the atrium was detected with- 
20 in the predetermined post-ventricular blanking 

interval, for rejecting the electrical event of the 
atrium as being a far-field electrical event of the 
ventricle. 



25 6. 



30 



A system as claimed in Claim 4 or Claim 5, charac- 
terised by means for administering therapy based 
upon the detected events of the ventricles in com- 
bination with the detected events of the atrium not 
rejected as being far-field events of the ventricle. 



7. A system for discriminating electrical events origi- 
nating in the atria from electrical events originating 
with the ventricles of a heart using an implantable 
medical device receiving signals detected from 

35 within an atrium of the heart and receiving signals 
detected from within a ventricle of the heart, the sys- 
tem comprising: 

an atrial sense amplifier for detecting an elec- 
40 trical event occumng within the atrium; 

an ventricular sense amplifier for detecting an 
electrical event occurring within the ventricle; 
and 

a controller for determining whether the electri- 
cs cal event occurring with the ventricle was de- 
tected within a predetennined pre-ventricular 
blanking interval following detection of the elec- 
trical event occurring within the atrium and, if 
so, rejecting the electrical event of the atrium 
50 as being a far-field electrical event of the ven- 
tricle. 

8. A system as claimed in Claim 7, characterised in 
that the controller also determines whether the elec- 

55 trical event of the atrium was detected within a pre- 
determined post-ventricular blanking interval fol- 
lowing detection of the electrical event of the ven- 
tricle and, if so, rejects the electrical event of the 
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atrium as being a far-field electrical event of tlie ven- 
tricle. 

9. A system as claimed in Claim 7 or Claim 8. charac- 
tensed In that the controller also generates therapy 
for applying to the heart based upon the detected 
events of the ventricles in combination with the de- 
tected events of the atrium not rejected as being far- 
field events of the ventricle. 

10. A method for discriminating electrical events origl- 
nating in the atria from other electrical events using 
an implantable medical device receiving signals de- 
tected from within an atrium of the heart, the method 
comprising the steps of: 

detecting electrical events occuning within the 
atrium of the heart; and 
determining, for each electrical event detected 
within the atrium, whether a detectable charac- 
teristic of the electrical event matches a prede- 
termined template representative of character- 
istics of true electrical events occurring within 
the atrium and, if not, rejecting the electrical 
event of the afrium as not being a true atrial 
event. 

11. A method as claimed In Claim 10. characterised in 
that the elecfrical event of the atrium is a P-wave. 

12. A method as claimed in Claim 10 or Claim 11 , char- 
acterised in that the characteristics of true electrical 
events include one or more of an amplitude profile 
and a frequency profile. 

13. A method as claimed in any of Claims lOto 12, char- 
acterised in that the step of determining whether a 
detectable characteristic of the electrical event 
matches a predetermined template is performed to 
determine whether the detectable characteristic 
matches the predetermined template to within a 
predetermined threshold of similarity. 

14. A system for discriminating electrical events origi- 
nating in the atria from other electrical events using 
an implantable medical device receiving signals de- 
tected from within an atrium of the heart, the method 
comprising: 
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detectable characteristic of the electrical event 
does not match the predetemiined template for, 
for rejecting the electrical event of the atrium as 
not being a true atrial event, 

15. A system as claimed in Claim 14, characterised in 
that the characteristics of true electrical events 
processed by the means for detennining include 
one or more of an amplitude profile and a frequencv 
profile. 

16. A system for discriminating electrical events origi- 
nating in the atria from other electrical events using 
an implantable medical device receiving signals de- 
tected from within an atrium of the heart, the method 
comprising: 

an atrial sense amplifier for detecting electrical 
events occurring within the atrium of the heart- 
and 

a controller for determining, for each electrical 
event detected occurring within the afrium, 
whether a detectable characteristic of the elec^ 
frical event matches a predetermined template 
representative of characteristics of true electri- 
cal events of the atrium, the controller rejecting 
electrical events of the atrium for which the de- 
tectable characteristic does not match the pre- 
detenmined template. 

17. A system as claimed in Claim 16, characterised In 
that the controller processes one or more of an am- 
plitude profile and a frequency profile. 



means for detecting electrical events occuning so 
within the atrium of the heart; 
means for determining, for each electrical event 
detected occumng within the atrium, whether a 
detectable characteristic of the electrical event 
matches a predetemiined template represent- 55 
ative of characteristics of true electrical events 
of the atrium; and 

means, responsive to a determination that the 
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